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The first major transformation in these machines occurred during WW II as electronic force and displacement indicators using strain bridge and LVDT transducers enabled the direct plotting of test results onto X Y -recorders.
In the fifties, William Moog invented what we know today as the two-stage Moog servovalve [2] . Within a very short span of a few years, this valve became a critical component of aircraft and missile flight control systems. The innovation behind this invention ( Fig. 1) was in making it possible for mW of electrical energy to control many kW of hydraulic power required to deflect aerodynamic control surfaces such as ailerons, rudders and elevators. Their low mass, combined with the low mass of wiring required to drive them, significantly increased the performance of airborne systems. On the flip side, such valves demanded a contamination free hydraulics system. Even particles as small as 10-15 microns can choke the tiny arteries of the valve's sophisticated pilot stage. The high cost of the proprietary valve, combined with the increased cost of support components such as high-pressure filters were easily justified by the returns in terms of aircraft performance and flight safety.
Over the years that followed, the 2-stage Moog servovalve became an indispensable part of servocontrolled hydraulic systems not only in aerospace applications, but also in surface transportation and industry. These include steel rolling mills, wind tunnels, injection molding machines and of course, servohydraulic universal testing machines.
The first servohydraulic testing machines appeared in the early sixties. Even though almost five decades have passed since then, the best known manufacturers of testing machines continue to use the same expensive dual-stage servovalve technology. In the meantime some industrial applications switched to the less expensive and less demanding "direct-drive valves" (DDVs) single stage proportional valves, where electromagnetic force is used to position the flow control spool. The eighties saw the appearance of a new generation of servoproportional valves based on high power rare earth magnets [3] . The performance of these valves is lower than the two-stage valves (Fig. 2 ), but these are less expensive, more robust and contamination insensitive, making their adaptation to testing machines an economically attractive prospect.
In the early nineties, BiSS Research developed its first servoactuators with DDVs. With suitable changes to electronics and hydraulics, these valves were found suitable for fatigue cycling at up to 100 Hz and in terms of precision control, even superior to the two stage valves because of their reduced hysteresis and improved linearity in flow control. Moreover, as they are virtually insensitive to contamination, high-pressure fine filtration is not required, rendering the solution less expensive to install and maintain and at the same time, more reliable. Multi-stage servovalves using DDVs at the pilot stage deliver several hundred LPM of flow and enable test velocities as high as 7 m/s. BiSS experience with these valves extends from low force actuators down to 5 kN and as high as 1000 kN. One may note that none of these applications would have exhibited improved performance with dual-stage valves given their end-use. The application of DDVs has reduced the cost of test equipment by comparison to that of brand names that continue to use the older dual-stage technology. What is more, even in the absence of pressure line Fig. 1 . The dual-stage servovalve [2] . The remarkable features of this valve are the miniature flapper and microscopic arteries and orifices in the pilot stage that allow high pressure flow control using miniscule currents. This also makes the valve extremely sensitive to oil contamination.
